
AD-A285 230FomApve
~Il~~l~ 111 lii~ME NTATI ON PAGE 0MB No 0704-0188~

Alo-111111s -t1 ,11 m11 vo111 !, i. oo.e u ur ae r ooc rse. e o trPe to me oa0 rev ew nrg ,nst rc u n 0ro sea rc"'r 1  it q oat a .owr'-
Ira -_'n 1von ;-ad c::ments a q rorgo tt' -burden et mate ýt in :xo-er asoeci -.tr

r' LY ~.'- Jen'n r LI e" se'. res. C'ee*Orate orn Draton Obe atoons ani apar-'~I. 12 15 ",-
- i is4 e '2ý4 . M2 2 1^ 1" f". f *. .0 

0
1OC'4,CK Reduction Pl~e t07C4-0186), Aoashrglon. OC 2ý501

1. AGENCY USE ONLY 77:7ve37771 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

I qp IQQ Ann. Technical R t: 15 Aug 92-14A9
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

Low Temperature Synthesis of Semiconductor Materials F49620-92-J-0431

6. AUTHOR(S) 61102F 2303 B2

Philip Boudjouk

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER

North Dakota State University

Fargo, ND 58105 AFOSR.TR. 9 4 0 601~

9. SPONSORING i MONITORING AGENCY NAME(S) AND ADDRIESSESY 10. SPONSORING/iMONITO'RING I
Building 410, Boiling AFB DC
20332-6448-

11. SUPPLEMENTARY NOTEM

12a. DISTRIBUTION -AVAILABILITY STATEMENT I 17h. DISTRIBUTION CODE

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED, 94 -3 1460
,§)1111 11 111/1111/ 111/ i 11li

13. ABSTRACT (Maximum 200 words)

The results of one year's effort to produce single source precursors that will generate high yields
of semiconductor materials consisting of elements from groups 14 and 16 are summarized in this
report. Laboratory studies demonstrate that compounds in which bonds between group 14 and 16
elements exist and in which remaining valences are occupied with phenyl groups are excellent
sources of phase pure binary compounds such as tin sulfide, tin selenide and tin telluride.
Mechanistic studies reveal that phenyl migration is the dominant reaction pathway allowing
12rmation of the target compounds at temperatures as low as 300 TC.

1og. SUBJECT TERMS 15. NUMBER OF PAGES

tin sulfide, tin selenide, tin telluride, single source precursors, semiconductors 16. PRICE CODE

OF REPORT OF THIS PAGE OF ABSTRACT

UNCLASSIFIED. UNCLASSIFIED UNCLASSIFIED
%Slj 7540-0'.2'80.5500 Standard Form 298 'Rev 2-89)



GENERAL INSTRUCTIONS FOR COMPLETING SF 298

The Report Documentation Page (RDP) s used in announcirg and cataloging reports. It is important
that this information be consistent with the rest of the report, particularly the cover and title page.
Instructions for filling in each block of the form olow it is important to stay within the lines to meet
optical scanning requirements.

Block I Agency Use On~y (Leave blank). Block 12a. Distribution/Availability Statement.
SnDenotes pulic availability or limitations. Cite any

availability to the public. Enter additional
including day, month, and year, if availaole (e g. I -imitations or special markings in all capitals (e.g.
Jan 88). Must c.*e at ;east !.he iear NIOFORN, REL, !TAR).

Block 3. Type of Report and Dates Covered DOD See DODD 5230.24, "Distribution
State w hether report Is interim , final, etc. ýf State e o n Technical
applicable, enter inclusive report dates (e.g. !0 Statements on TechnicalJun8 -30Jun 8).Documents."
Jun 87 - 30 Jun 88). DOE See authorities.

Block 4. Title and Subtitle. A title is taken from NASA - See Handbook NHB 2200.2.
the part of the report that provides the most NTIS - Leave blank.
meaningful and complete information. When a
report is prepared in more than one volume, Block 12b. Distribution Code.
repeat the primary title, add volume number, and
include subtitle for the specific volume. On
classified documents enter the title classification DOE - Eave blank.inparentheses. DOE -Enter DOE distribution categories
in pfrom the Standard Distribution for

Block S. Funding Numbers. To include contract Unclassified Scientific and Technical

and grant numbers; may include program . Reports.

element number(s), project number(s), task NASA - Leave blank.

number(s), and work unit number(s). Use the NTIS - Leave blank.

following labels:

C Contract PR - Project Block 13. Abstract. Include a brief (Maximum
G Grant TA Task 200 words) factual summary of the most
PE - Program WU - Work Unit significant information contained in the report.

Element Accession No.

Block 6. Author(s) Name(s) of person(s) Block 14. Subiect Terms. Keywords or phrases
responsible for writing the report, performing identifying major subjects in the report.
the research, or credited with the content of the
report. If editor or compiler, this should follow
the name(s). Block 15. Number of Pages. Enter the total

number of pages.
Block 7. Performing Organization Name(s) and
Address(es). Self-explanatory. Block 16. Price Code. Enter appropriate price

Block 8. Performing Organization Report code (NTIS only).
Number. Enter the unique alphanumeric report
number(s) assigned by the organization Blocks 17. - 19. Security Classifications. Self-

explanatory. Enter U.S. Security Classification in
Block 9. Sponsoring/Monitoring Agency Name(s) accordance with U.S. Security Regulations (i.e.,
and Address(es). Self-explanatory. UNCLASSIFIED). If form contains classified

information, stamp classification on the top and
Block 10. SponsoringiMonitoring Agency bottom of the page.
Report Number. (If known)

Block 11. Supplementary Notes. Enter Block 20. Limitation of Abstract. This block must
information not included elsewhere such as: be completed to assign a limitation to the
Prepared in cooperation with...; Trans. of ...; To be abstract. Enter either UL (unlimited) or SAR (same
published in.... When a report is revised, include as report). An entry in this block is necessary if
a statement whether the new report supersedes the abstract is to be limited. If blank, the abstract
or supplements the older report. is assumed to be unlimited.

Standard Form 298 Back (Rev 2-89)



TABLE OF CONTENTS

Principal Investigator: Philip Boudjouk (Grant No F49620-92-J-0431) .............. 1

ANNUAL TECHNICAL REPORT for August 15, 1992 -August 14, 1993 ........ 1

I. List of O bjectives ......................................................................................... 1

II. Status of Research Effort ............................................................................ 1

Cyclic Group 14-16 Chalcogenides ........................................................ 1

Linear Group 14-16 Chalcogenides .................................................. 2

Synthesis of Linear Metallic Chalcogenides ...................................... 2

Mechanism of Pyrolysis of Linear Metallic Chalcogenides .............. 2

Adamantyl Group 14-16 Chalcogenides ............................................ 3

Nonstoichiometric Ternaries of the Type SnSxSel-x From Molecular

Compounds ....................................................................................... 4

II. List of Publications .............................................................................. 4

IV. List of Professional Personnel (funded by F49620-929-J-0431) ...... 9

V. Interactions (research funded by F49620-929-J-0431) ......................... 9

A. Presentations at meetings, conferences and seminars ................... 9

1. Papers ....................................................................................... 9

2. Posters ........................................................................................ 9

3. Sem inars .................................................................................. 9

4. Invited Lectures ......................................................................... 9

5. Plenary Lectures ...............................

B. Consultative and Advisory Functions ........................................... 9

C. New Discoveries, Ifiventions or Patent disclosures ....................... 9 ---------------

D. Additional Information ....................................................................... 9 ---------

,lbitY Cjcdes

A- da ii•z i or



Principal Investlgator: Philip Boudiouk F49620-92-J-0431

ANNUAL TECHNICAL REPORT for August 15. 1992 -August 14. 1993

I. List of Objectives
The objectives in this project arose from an accidental discovery during the work we began

under another Air Force project (AFOSR Grant No 91-0197) in which we observed that heating

of certain organotin sulfides and selenides produced high yields of tin sulfide and tin selenide in

high purity, i.e., with carbon contamination of less than 1%. Under this grant we have the

following objectives:

1-Determine the breadth and scope of the applicability of the relatively nontoxic perphenylated

group 14-16 chalcogenides as single source precursors to phase pure binary and ternary materials

such as SnS, SnSe and SnSxSe I-x, as well as the germanium, lead and tellurium analogues.

2-Investigate the possibility that group 13-15 analogues such as GaAs could b. prepared by the

low temperature pyrolysis of perphenylated precursors.

3-Attempt to determine the mechanism of the production of these materials.

II. Status of Research Effort
Good progress was made in the first year of this grant period. Below is a summary of the

work accomplished using structural features as the means of organization of the report.

Cyclic Group 14-16 Chalcogenides
Cyclic compounds were the first investigated and were our choice by accident. Our original

intentions were to generate reactive intermediates containing multiple bonds between tin and

sulfur and tin and selenium. Instead, a novel rearrangement proved to be the preferred pathway

and a new route to tin sulfide and tin selenide was found.

Ph2

E 'SnE 350 *C
Ph2Sn=E I ,I 2SnE + Ph4Sn + Ph2EPh2Sn ýEe SnPh2

E=S, Se

This methodology has several key advantages:

1) facile synthesis of the cyclic precursors;
2) low toxicity of those precursors;

3) ease of handling of the precursors because they are air and water stable solids;

4) only a simple tube furnace is required, valving systems and high temperature safegaurds are
not needed;
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5) the yields are very high, within a few percent of theoretical;

6) the pyrolysis product contains very little carbon (always less than 5%, often less than 1%);

7) there is no danger of explosion, a known hazard in current methodologies since the system

operates at atmospheric pressure and much lower temperature than those approaches based on

simple combination of the elements; and

8) the procedure is very easy to scale up.

The essential feature of this new reaction is the high mobility of the phenyl group. A

reasonable mechanism was proposed in our first publication on the subject ( Bahr, S. R.;

Boudjouk, P.; McCarthy, G. J.; Chen. Mater. 1992,4, 383).

One drawback we encountered was that we could not easily synthesize a wide variety of

cyclic compounds that included elements such as lead from group 14; boron, aluminum, gallium
and indium from group 13 and tellurium from group 16. We then explored linear systems.

Linear Group 14-16 Chalcogenides

The ease with which the phenyl groups migrated in the cyclic systems led us to believe that

the cyclic structure may not be essential to the production of the binary systems. Thus we

proceeded to prepare a series of linear group 14 - 16 compounds of the general formula,

(Ph3M)2X, M = Ge, Sn, Pb; X = S, Se, Te, that might serve as useful single source precursors of

metal chalcogenides. We had immediate success. The syntheses were much easier than the cyclic

systems above and the pyrolyses gave the desired compounds in excellent yields.

Synthesis of Linear Metallic Chalcogenides

We were able to prepare these compounds in large quantities using well established

techniques. An added benefit to this approach is that now tellurium precursors could be easily

made and investigated. We were unsuccessful in generating tellurium cyclic analogues to those

compounds mentioned above. Indeed, using linear models, we were now able to access easily a

much broader variety of compounds from groups 13, 14, 15, and 16. In this grant period we

successfully prepared tin sulfides, selenides and tellurides in high yields and high purity under

mild conditions from these linear precursors.

Ph3M-Ct + Na2E -" Ph3M-E-MPh3 + NaCI

M = Sn, Pb; E = S. Se, Te

Mechanism of Pyrolysis of Linear Metallic Chalcogenides

Pyrolyses of the linear compound proceeded efficiently and we have initiated efforts to

determine the mechanism of the production of the binary compounds. By careful analysis of
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incompletely pryrolyzed substrate we detected the presence of ring systems as intermediates.

Thus, we have proposed that a reasonable route to the product is through the unusual reactive

intermediate, Ph2Sn=E, the target of our earlier proposed research under grant 91-0197.

Ph -Ph4Sn [Ph "sn 1
I -ýSnPh 3  [h-E E S S, TE Ph--

Ph2EI Sn-E

Ph E"•s E "-' 2Sn-E + SnPh4 + Ph2E
"I-S I I

Ph/ I Ph2Sn SnPh 2

We have since completed a thorough analysis of this reaction that will be presented in the

technical report for the period 8/15/93 - 8/14/94

Adamantyl Group 14-16 Chalcogenides

It is logical to extend this work to cage compounds for two reasons: 1) to determine if phenyl

migration would still be an important mechanism in a rigid cage structure and, 2) to determine if

the ratio of atoms in the cage structure would influence the nature of the products. Affecting the

nature of the product could be manifested in two distinct ways: altering the ratio of atoms in the

product binary and, altering the microstructure of the product binary. Initial studies were

conducted in this grant period and we found that, indeed, the adamantyl cage structure produces

a different ratio of atoms in the product than the linear and cyclic systems. We were able to

produce tin disulfide and tin diselenide in good yields and high purity from the adamantyl

system below.

Ph

E

PhSnC_3 + Na2E E 400 3C
PhSn -.1ESnPh 3SnE2 + Ph4Sn

This example, when combined with the linear and cyclic compounds we investigated and

summarized above, opens the way to an entirely new approach to the synthesis of novel materials

comprised of main group atoms. We have now been able to demonstrate that we can easily
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control the stoichiometry of some group 14 - 16 compounds simply by apropriate design of the

precursor.

Nonstoichiometric Ternaries of the Type SnS xSe l.x From Molecular Compounds
Doping of materials is a standard method of altering their physical properties, in particular,

their electronic proporties. Normally, this is accomplished by mixing a stoichoimetric binary

compound with the desired quantity of a third agent followed by repeated sequences of heating

and grinding to ensure good mixing.
We have developed a method that circumvents this time consuming and tedious process for

ternary compounds of groups 14 - 16. We found that simply by heating a mixture of different

perphenylated precursors we can form ternary systems. Moreover, we can control the ratio of

elements.

For example, we have demonstrated that a heating a 1:1 mixture of the two cyclics,
(Ph2SnS)3 and (Ph2SnSe) 3 produces high yields of SnS 0.5 Se 0 .5 . By adjusting the ratios of the

two cyclics

Ph2 Ph2

S SSe•s se Sn 'Se 400 °C
I I + I I - SnSo.sSeo.5 + ph4Sn + Ph2s + Pl2Se

Ph2Sn -,%SnPh 2  Ph2Sn.. ,SnPh 2
S Se

we have been able to control the amounts of sulfur and selenium .n the final product. Details of

that part of our study will be in the report covering the period 8/15/93 - 8/14/94.
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